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INTRODUCTION
The study of convective heat transfer in nanofluids is gaining a lot of attention.
The nanofluids have many applications in the industries since materials of nanometer size have unique physical and chemical properties. Nanofluids are solid-liquid composite materials consisting of solid nanoparticles or nanofibers with sizes typically of 1-100 nm suspended in liquid. Nanofluids have attracted great interest recently because of reports of greatly enhanced thermal properties. For example, a small amount (< 1% volume fraction) of Cu nanoparticles or carbon nanotubes dispersed in ethylene glycol or oil is reported to increase the inherently poor thermal conductivity of the liquid by 40% and 150% respectively [1, 2] . Conventional particle-liquid suspensions require high concentration (>10%) of particles to achieve such enhancement. However, problems of rheology and stability are amplified at high concentration, precluding the widespread use of conventional slurries as heat transfer fluids. In some cases, the observed enhancement in thermal conductivity of nanofluids is orders of magnitude larger than predicted by well-established theories. Other perplexing results in this rapidly evolving field include a surprisingly strong temperature dependence of the thermal conductivity [3] and a threefold higher critical heat flux compared with the base fluids [4, 5] . These enhanced thermal properties are not merely of academic interest. If confirmed and found consistent, they would make nanofluids promising for application in thermal management.
Furthermore, suspensions of metal nanoparticles are also being developed for other purposes, such as medical applications including cancer therapy. The interdisciplinary nature of nanofluid research presents a great opportunity for exploration and discovery at the frontiers of nanotechnology.
The characteristics of flow and heat transfer of a viscous and incompressible fluid over flexed or continuously moving flat surfaces in a moving or a quiescent fluid are well understood. These flows occur in many manufacturing processes in modern industry, such as hot rolling, hot extrusion, wire drawing and continuous casting. For example, in many metallurgical processes such as drawing of continuous filaments through quiescent fluids and annealing and tinning of copper wires, the properties of the end product depends greatly on the rare of cooling involved in these processes. Sakiadis [5] was the first one to analyze the boundary layer flow on continuous surfaces. Crane [6] obtained an exact solution the boundary layer flow of Newtonian fluid caused by the stretching of an elastic sheet moving in its own plane linearly. Tsou et al. [7] extended the research to the heat transfer phenomenon of the boundary layer flow on a continuous moving surface. Schowalter [8] applied the boundary layer theory into power law pseudoplastic fluids and developed two and three dimensional boundary layer equations of the momentum transfer. Acrivos [9] analyzed the momentum and heat transfer of nonNewtonian fluid past arbitrary external surfaces. Howell [10] and Rao [11] investigated momentum and heat transfer phenomena on a continuous moving surface in power law fluids. Magyari and Keller [12, 13] have studied the thermal boundary layer of moving surfaces. Wang [14] studied free convection from a vertical stretching surface. Gorla and
Sidawi [15] studied the characteristics of flow and heat transfer from a continuous surface with suction and blowing.
We present here a similarity analysis for the problem of steady boundary-layer flow of a nanofluid on a continuous moving permeable isothermal surface. The development of the velocity, temperature and concentration distributions have been illustrated for several values of nanofluid parameters, Prandtl number, Lewis number, velocity ratio and suction/injection parameters. Normally, for heat transfer application nanofluid works best for volume fraction of nano particle to fluid less than 10%. If concentration is more than 10% then a problem of stability may occur.
CHAPTER II LITERATURE REVIEW
In recent time there are so many research work going on nanofluids about understanding their behavior so that they can be utilized where straight heat transfer enhancement is paramount as in many industrial applications. Described below are a few papers which show work done in the area of heat transfer in nanofluid. There are few papers also which describes earlier and recent work done for heat transfer in continuous moving surface for different types of fluid flow. Also, few papers are included here as they are somewhat relevant to the study area covered in this thesis report.
Kuznestov and Neild [16, 17] Ishak, Nazar and Pop [29] have also worked on steady boundary layer flow and heat transfer of a micropolar fluid on an isothermal continuously moving plane surface.
They assumed that the microinertia density is variable and not constant and the viscous dissipation effect took into account. They used the Keller-box method for solving reduced to a system of nonlinear ordinary differential equations numerically to obtain result for the skin friction coefficient, local Nusselt number, as well as velocity, temperature and microrotation profiles. They also discussed effects of material parameter, Prandtl number and Eckert number (Ec) on the flow and heat transfer characteristics.
Hassanien [30] has studied the Boundary layer solutions to investigate the steady Olajuwon [33] has studied the flow and convection heat transfer in a pseudoplastic power law fluid past a vertical plate with heat generation. In his study he used similarity transformation to transform governing non -linear partial differential equations which describes the flow and heat transfer problem into non -linear ordinary differential equation. The resulting problem after similarity transformation is solved numerically using Runge -Kutta shooting method. The power law exponents used by him for study is between 0 and 1. The analysis of results obtained showed that the heat generation parameter has significant influence on the flow and heat transfer and conclude that a pseudoplastic power law fluid with the power law exponent 0 < n < 1/2 gives a higher heat transfer coefficient than the pseudoplastic power law fluid with power law exponent 1/2 < n < 1.
Ahmad, Siddiqui and Mishra [34] have studied the boundary layer flow of viscous incompressible fluid over a stretching plate for heat flow problem with variable thermal conductivity. They obtained velocity components using similarity transformation. The heat flow problem has been considered in two ways: (i) Prescribed surface temperature (PST), and (ii) Prescribed stretching plate heat flux (PHF) for variable thermal conductivity case. In their result they plot graphs for temperature profile for mean temperature and temperature profile induced due to variable thermal conductivity.
CHAPTER III ANALYSIS
Consider a flat surface moving at a constant velocity u w in a parallel direction to a free stream of a nanofluid of uniform velocity u ∞ . Either the surface velocity or the freestream velocity may be zero but not both at the same time. The physical properties of the fluid are assumed to be constant. Under such condition, the governing equations of the steady, laminar boundary-layer flow on the moving surface are given by:
The boundary conditions are given by,
The boundary condition of u = u w in (6) represents the case of a plane surface moving in parallel to the free stream.
Figure 1 Physical Model and Co-Ordinates System
To analyze the effect of both the moving and the free stream on the boundary-layer flow, we propose a new similarly coordinate and a dimensionless stream function ,
which are the combinations of the traditional ones: ,
for the Blasius problem (stationary wall and uniform freestream velocity) and ,
from the Sakiadis (uniformly moving wall with stagnant freestream) problem.
The Reynolds numbers are defined as: ,
A velocity ratio parameter γ is defined as
Note that form the Blasius problem, therefore γ . On the other hand, for the Sakiadis problem, ∞ and thus γ . In addition, we also define dimensionless temperature and concentration function as
Using the transformation variables defined in equations (7) - (13), the governing transformed equations may be written as
The transformed boundary conditions are given by , ,
where prime denote differentiation with respect to η and the four parameters are defined by , , ,
Here, Pr, Le, N b and N t denote the Prandtl number, the Lewis number, the Brownian motion parameter and the thermophoresis parameter respectively. It is important to note that this boundary value problem reduces to the classical problem of flow and heat and mass transfer due to a stretching surface in a viscous fluid when N b and N t are zero.
The quantities of practical interest, in this study, are the Nusselt number Nu and the Sherwood number Sh which are defined as
The local heat transfer rate (Local Nusselt number) is given by (20) Similarly the local Sherwood number is given by (21) where q w and q m are wall heat and mass flux rates, respectively.
CHAPTER IV RESULTS AND DISCUSSIONS
The nonlinear ordinary differential equations (14)- ( Tables 2 and 3 Tables 2 and 3 indicate that effect of increasing N b or N t is to decrease the heat and mass transfer rates from the surface. within the boundary layer. As N t increases, the temperature increases whereas the concentration decreases. As N b increases, the temperature decreases whereas the concentration increases. The thickness of the boundary layer for concentration is smaller than the thermal boundary layer thickness. Pr increases, we observe that the temperature decreases and the thermal boundary layer thickness decreases. This in turn increases the surface heat transfer rates as Pr increases. Figure 6 shows the effect of surface mass transfer on temperature and concentration distributions. As the surface mass transfer parameter f w increases, the temperature and concentration decrease and their surface gradients increase. Therefore, s surface mass transfer increases heat and mass transfer rates. 
